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DIRECTION FINDING METHOD AND SYSTEM USING TRANSMISSION 
SIGNATURE DIFFERENTIATION 

This application is filed within one year of, and claims priority to Provisional 
Application Serial Number 60/449,3 1 2, filed 2/24/2003 . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to Emitter Locating Systems and, more 
specifically, to a Direction Finding Method and System Using Transmission Signature 
Differentiation. 

2. Description of Related Art 

Direction Finding (DF) Systems are used to find the direction towards emitting 
radio transmitters. But today's systems cannot automatically differentiate between two or 
more transmitters utilizing the same frequency (which can be a common situation). This 
leads to errors and false measurements. This invention provides a method of automatically 
resolving the ambiguity created by multiple DF transmitters transmitting on the same 
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frequency, and then enabling the DF System(s)s to identify the transmitters' respective 
lines-of-bearing (LOBs). 

The basic components of a DF System are: (1) a DF antenna array; (2) a DF 
receiver/processor (hereafter referred to simply as M DF receiver"); (3) some device to 
5 interpret the streaming Line-Of-Bearing (LOB) data sets from the DF Set; (4) some sensor 
device to determine the DF Set's location; and (5) some sensor device to output the DF 
Set's orientation relative to true North. 

The major sources of measurement errors in real- world DF Systems are: (1) 
uncertainties from the DF antenna array due to frequency dependent variations; and (2) 
10 signal reflections, also known as multi-path. In practice though, multi-path typically 

represents the largest source of error. Where multiple transmitters are transmitting on the 
same frequency, the resultant confusion (in prior systems) is very similar to the confusion 
caused by large multi-path signals. 

In today's DF Systems, multiple transmitters utilizing the same frequency would 
15 require an operator to manually distinguish between the resultant ambiguous readings. It 
should be further noted that with today's digital systems, it could be impossible to 
manually identify different transmitters utilizing the same frequency because these new 
digital transmissions have very short transmission periods. 

The invention described herein uses an improved method and technique to 
20 intelligently process data from one or multiple DF Systems so that multiple transmitters 
radiating alternately on the same frequency can be distinguished - in an automatic fashion. 
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In conclusion, insofar as the inventor is aware, no invention formerly developed 
provides this unique application to resolve multiple radios transmitting on the same 
frequency in DF System measurements. 
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SUMMARY OF THE INVENTION 
In light of the aforementioned problems associated with the prior systems and 
methods, it is an object of the present invention to provide a Direction Finding Method and 
System Using Transmission Signature Differentiation. The preferred system should be 

5 able to identify which signal is coming from which transmitter. Furthermore, the preferred 
system should take each respective transmitter's LOB data and process them separately. It 
is a further object that the system is capable of being fully automated in order to reduce the 
processing time and eliminate the necessity of human intervention. It is still an even 
further object that an alternative embodiment of the present invention can feasibly control 

10 the system remotely over a network in order to collect the same information from similar 
systems. In this way, a far more efficient DF System can be achieved in which multiple 
transmitters' positions can be determined more quickly from a centralized command 
facility. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The objects and features of the present invention, which are believed to be 
novel, are set forth with particularity in the appended claims. The present invention, both as 
to its organization and manner of operation, together with further objects and advantages, may 
best be understood by reference to the following description, taken in connection with the 
accompanying drawings, of which: 

Figure 1 is a drawing of a typical DF System- 
Figure 2 is a drawing of a DF System augmented with the method and system of 
the present invention; 

Figure 3 is the conventional DF system of Figure 1, but where the system is 
receiving signals from several different transmitters in different locations; 

Figure 4 depicts the operation of the system of the present invention; and 
Figure 5 depicts the method of the present invention. 
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DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENTS 
The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the inventor of 
5 carrying out his invention. Various modifications, however, will remain readily apparent to 
those skilled in the art, since the generic principles of the present invention have been defined 
herein specifically to provide a Direction Finding Method and System Using Transmission 
Signature Differentiation. 

The present invention can best be understood by initial consideration of Figure 
10 1. Figure 1 depicts a typical DF System 10. A DF System is comprised of a DF antenna 16 

which is connected to a DF receiver 18. The DF receiver 18 then outputs LOB data 20. 

The output LOB measurements 20 are either raw data, or averaged data. 

It should be reiterated and understood that present-day DF Systems cannot resolve 

the measurement ambiguity of multiple transmitters on the same frequency, without 
15 manual operator intervention. What is needed therefore in order to fully optimize these DF 

systems is the enhanced ability to identify which transmitter is which, and then to 

segregate each of their respective measurements from each other. This is performed by the 

invention presented herein below. 
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Figure 2 is a drawing of a DF System augmented with the transmission signature 
classification system of the present invention 26. Thus, the LOB data 20 is processed by 
the computer containing the configuration necessary to resolve multiple transmitters. 

Figure 3 is the conventional DF system 10 of Figure 1, but where the 
5 system 10 is receiving signals from several different transmitters situated in different 
locations. As indicated, the DF System 10 cannot resolve which signal belongs to which 
transmitter. 

Figure 4 depicts the operation of the system of the present invention 49. In this 
case, the DF System 10 contains additional and functionality to automatically resolve 

10 multiple transmitters. The various transmitters' LOBs are thus automatically calculated 
with use of this invention. 

FIG 4 is a drawing of the invention in action. In this drawing, the DF System is 
setup just like in FIG 3. But this time it has computing device 26 which processes the 
LOB data 21 from the DF receiver 18. Computer 26 is specially configured to create and 

15 organize the signature(s) of the incident transmissions 14. Since the device 26 can now 
provide transmitter-specific LOB data, an operator can distinguish which LOB signal 
belongs to which transmitter because the system 49 will plot the LOB's 3 1, 32 and 33 to 
have visual attributes that are distinct from one another. 

As depicted in Figure 5, this invention employs a specialized computer-executed 

20 method to process the LOB data that is continually being stored. The method utilizes a 
function to recognize the transmitter signature of each reading. Each transmitter has a 
unique "keying" signature as its oscillator reaches its final frequency. The method of this 
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invention will record this signature every time it takes a measurement and store it in a 
database along with the position of the DF Set and the LOB to the transmitter. Such a 
"transmitter signature" device is the topic of a provisional patent application entitled: 
"Improved Method for Identifying Emitters Through Transmission Signatures," the 
5 contents thereof incorporated herein by reference. 

According to the Emitter Locating Method 50 of the present invention, first, 
transmitted 1) transmits 52 and is subsequently received by the DF system receiver 54. 
Next, the DF system generates a digital signature for transmission(l) 56. The digital 
signature is preferably generated by applying a Fast Fourier Transform to the received 

10 transmission (or a digitized representation of the received signal, if appropriate). The FFT 
application will result in a unique digital "signature" for the transmission and the 
transmitter that will capture the final resting frequency and keyup frequency characteristics 
of the transmitter through its transmission. 

The digital signature of transmission(l) is then classified, preferably based upon 

15 transmission(l)'s final resting frequency 58. Once classified, this classification is used to 
more quickly focus on the "known" digital signatures to which digital signature(l) should 
be compared; this approach results in the comparison first being attempted with a small 
slice of all known digital signatures (those that are similar, or of the same type as digital 
signature(l)). 

20 If a match to an existing transmitter is not found in the "known" transmitters data 

repository, then the DF system will create a new record for digital signature(l), which is 
the completion of the classification of the digital signature. Next, the DF system will plot 
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a line of bearing from the DF receiver of the system to transmitted 1). Of course, the 

known data repository and user display could be conveniently interconnected with the DF 

system over a communications network, such that the plot and repository and be accessed 

and controlled remotely. 
5 As new transmissions are detected by the DF system, the previously-described 

steps are repeated 64, either for transmitter(l) and/or for other transmitters. 

In essence, each time a transmitter sends a signal, the DF System receives the 

transmissions, and then the method of the invention compares the transmitter keying 

signature to its known database of received signals. If the transmitter has a match with the 
10 database, then all signals and LOBs associated with this transmitter are placed in its own 

sub-database file for further processing. The result is that each transmitter will have its 

unique records of received signals and LOBs. 

Thus, if multiple transmitters are used which all operate on the same frequency, the 

DF System can be aware of this ambiguity and resolve each different transmitter without 
15 operator intervention. As LOB data arrives, it can automatically be assigned to their 

respective database corresponding to each different transmitter and thus the DF System 

will not be confused. 

For instance, when a transmitter is identified and the transmission signature is 

logged, then every time a signal is received from this transmitter, the system will only 
20 assign the correct LOB data for that particular transmitter when calculating its location. 

Furthermore, the directions to these respective transmitters can then plotted on a map 
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display. Thus, the DF System operator is aware of the presence of all the different active 
transmitters when he sees multiple LOBs on the display (for example in different colors). 



DIAGRAM REFERENCE NUMERALS 

10 DF System 

12 Transmitter 

14 RF signals on frequency X 

16 DF antenna array 

1 8 DF receiver 

20 Line-of-bearing (LOB) measurement data 

21 Ambiguous LOB measurements 

26 Computer with algorithm of this Invention 

3 1 LOB data for transmitter #1 in Location A 

32 LOB data for transmitter #2 in Location B 

33 LOB data for transmitter #3 in Location C 

50 - 64 The method of the present invention and the steps executed by it 



Those skilled in the art will appreciate that various adaptations and 
modifications of the just-described preferred embodiment can be configured without 
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departing from the scope and spirit of the invention. Therefore, it is to be understood that, 
within the scope of the appended claims, the invention may be practiced other than as 
specifically described herein. 



